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ABSTRACT 





A 4-element dual-band Circular Yagi based multiple-input-multiple-output 
(MIMO) antenna system with loop excitation is presented. It has a very 
wide-bandwidth of 1 GHz in both bands. The lower band covers from 1.45 
— 2.55 GHz while the upper band covers from 3.707 — 4.71 GHz. This 
antenna is highly directional with front-to-back ratio (FBR) of 13.8 dB, gain 
of 6.6 dB and Directivity of 7 dB. The proposed antenna shows good 
MIMO performance in terms of isolation and correlation. It has a minimum 
isolation of 23 dB across both bands. Due to its geometry configuration, 
the radiation patterns are orthogonal to each other and hence it has very 
low correlation coefficient values not exceeding than 0.1338. The size of 
aq the single antenna is 78 x 117.5 mm? while overall size is 263 x 263 mm2. 


Keywords: MIMO, Loop Excitation, Yagi, F/B ratio, 
Wide Multi-band 
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L} Adaptive Modulation and Coding (AMC) [1| 
L} Orthogonal Frequency-Division Multiple Access (OFDMA) [1] 


[1] 


Capacity (Bits/s) 





5 
SNR (dB) 


Fig.1: Illustration of Capacity increase in MIMO. 
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MIMO 





= Using multiple antennas at Tx & Rx. 
= Inthe presence of an ideal environment, channel capacity increases with an 
increase in the number of MIMO channels. For multiple antennas, Shannon 


T 


equation [2] is 





IN 
C= MBI! 092 (1+ x SNR) 





в. Channel capacity in bits/sec * Multiple antennas can be easily installed at base stations. 
M: Number of Tx antennas e Placing multiple antennas in mobile phone and other 

N: Number of Rx antennas portable wireless devices is a challenging problem due to 
B: Bandwidth in Hz the availability of limited space. 


MIMO antennas need to be meticulously designed so that 
they do not affect the performance of neighboring antennas 
(i.e. highly isolated with low field correlation). 


u—r——  —— n ЕЕ — áÓ'————  —————————Ó——————Á——a—]— J"(———Á— À— ——— M ————— ЗЕЕ 


] V. Garg, Wireless Communications and Networking, San Francisco: Morgan Kaufmann, 2007. 


SNR: Signal-to-noise ratio $ 


(um) 
Ll 
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MIMO METRICS 


LJ Isolation 


LJ Correlation Coefficient (р) 





L] Total Active Reflection Coefficient (TARC) 
Q Mean Effective Gain (MEG) 
L] Diversity Gain (DG) 
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MIMO METRICS 





Q Isolation! 


e |tis the measure of power coupled between the adjacent antenna elements 
through substrate, ground plane and ports. 
e Isolation is measured using S-parameters. 


Q Correlation Coefficient (р) 


e |tisa measure of how much the channels are correlated or isolated from each 
other. 

e Envelop Correlation Coefficient (ECC) is approximately equal to the square of the 
correlation coefficient?. 









Pe = Ij e orm ча * whereF (0, o) is the 3D field 
ff Ё\(Ө, m № кк ó)|*dX) radiation pattern 

e Q is the solid angle 

e S; are the S-parameters 


[Le 53 - ш T 
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WORK MOTIVATION 





e Yagi-Uda antennas are highly directive, have high gain and high Front-to-Back 
Ratio (FBR) and are best substitutes of previously end-fire antennas like Vivaldi 
and linearly tapered slot antennas which have complex feeding mechanisms 
and narrow bandwidths [4]. 

e To investigate a new excitation technique (loop excitation) for Printed Yagi-Uda 
antennas. 

e Since a loop antenna can be made as a dual band radiator, our goal is to design 
a printed Yagi antenna having dual band characteristics with wide bandwidth, 


high gain, high FBR and high directivity using a simple feeding mechanism. 











qu | | 

""|* To use a Quasi-Yagi concept to make narrowband loop antenna as wideband. 
||| 

| 

In Y. Qian, W.R. Deal, N. Kaneda, and T. Itoh, "Microstrip-fed Quasi-Yagi antenna with broadba 
50 characteristics,’ Electronics Letters, vol. 34, no. 23, pp. 2194-2196, Nov 1998. 
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1- CLASSIC YAGI-UDA ANTENNAS 
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* The electromagnetic 
energy is coupled 
from driven element 
through space into 
the parasitic dipoles 
and then re-radiated 
to form a sharp 
beam. 
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> ЭИ 
i e Optimization is 
difficult as current 
distribution between 
all the elements is 
" interdependent. 
N-2 


N-1 Driven Element 


Reflector | у | 
Directors 


Fig.2. Basic Yagi-Uda antenna configuration. 
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2-QUASI-YAGI ANTENNAS 





e Operating principle remains the same. 

e Мо пееа ofa reflector element (truncated ground plane acts as a reflector) [5]. 
e These are found as best substitutes of Vivaldi and linearly tapered slot antennas. 
* High Bandwidth (up to 48%), high gain, high FBR and low cross polarization. 


Feeding network 
Microstrip-to-Coplanar strip (MS-CPS) feeding. 
Coplanar Waveguide feeding. 
Slot-line feeding. 
Complementary feeding. 
Probe feeding. 



















, W.R. Deal, N. Kaneda, and T. Itoh,’A uniplanar quasi-yagi antenna with wide bandwidth and lg 
E al coupling characteristics," Antennas and Propagation Society International Sympgsi 
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DISTINCT FEATURES OF YAGI ANTENNAS 





e End-fire radiation directional radiation pattern. 

e High Front-to-Back (FBR) ratio (usually greater than 10 dB). 

e Low cross-polarization (usually less than -15 dB). 

* High Gain (greater than 3 dB). 

e Bandwidth (inherently it has a bandwidth of 296, but we it can be increased to 48%). 
e [hey are easy to fabricate, simple to feed. 

e These antennas are robust and are highly compatible with printed circuitry. 


e Yagi antennas can find a wide range of applications like radars, local positioning systems 
(LPS) and wireless communication where high gain, high directivity and high FBR is 
required [6]. 











[6].O. Kramer, T. Djerafi, and K. Wu, “Vertically Multilayer-Stacked Yagi Antenna With Single and Dual 
izations,” [EEE Transactions on Antennas and Propagation, vol. 58, no. 4, pp. 1022-1030, April 2010. i 
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1. QUASI-YAGI ANTENNAS WITH DIPOLE EXCITATION 





1. Yagi Printed Antenna with Simplified Feeding [7]: 
e Operating frequency of 2.5 GHz. 
e Substrate used: Duroid (with €, =3.9) 
• Substrate thickness of 1.52mm. 
e Gain of 7.5 dBi (with 5 directors). 
e Bandwidth of 10%. 
* Lower than -15 dB cross polarization. 


¢ Front-to-back ratio of greater than 20 dB. 
















t [ ]dielectnc 
e Size is approximately (64mm х 100тт).. | [bottom face 
T 
| Fig .4 . Yagi Printed Antenna with Simplified Feeding [7]. 
IH 
| 
EC) vila Navarro, E., J. A. Carrasco, and C. Reig. "Design of Yagi like printed antennas for WLA 


applications." Microwave and optical technology letters, Vol. 49, No.9, pp. 2174 
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1. QUASI-YAGI ANTENNAS WITH DIPOLE EXCITATION 





2. Quasi-Yagi Bowtie antenna [8]: 


e Operating frequency is 1.9 GHz and 2.4 GHz. 


e Substrate used: Fiberglass with €, of 4.4 and 


thickness of 1.58mm. 
e Bandwidth of 47%. 


e Overall size is approximately 89mmx66mm. 








Fig.5. Layout of quasi-Yagi Bowtie antenna [8 





50 5] Costa, F. C., et al, "A new quasi-Yagi bowtie type integrated antenna, IEEE Telecomm 
ets o9ymposium;pp-468-471, 3-6 Sept, 2006. 
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2. YAGI-MIMO ANTENNAS 





1. Yagi based MIMO array [9]: 


e Operating frequency is 5.2 GHz. 


I Pm == 
e Substrate used: Rogers RT/Duroid with thickness e c 
rs 
of 1.28mm and €= 10. oS 
‚А8 
e Size of each antenna is 22mmx22mm . "à. ^ 5 | 
"Wu We И Nes = 
any y SEO e 
* Overall size is 55mmx48mm. е У EE 13 


e Gain of 6 dBi. 


Fig.6. Yagi based MIMO array structure [9]. 








. Capobianco, et al, “A novel compact MIMO array based on planar Yagi antennas for multipath fading p- 
nnels,” IEEE Conference on Wireless Technology (EuWIT), pp. 93-96, 27-28 Sept. 2010. Я 
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2. YAGI-MIMO ANTENNAS 








2. Yagi based MIMO array [10]: 


e Operating frequency is 5.2 GHz. 


1 


E 


e Substrate used: Rogers RT/Duroid with thickness 
of 0.45 mm and &,= 4. | | 


e Size of each antenna is 34mmx60mm . 


* Overall size is 154mmx154mm. 


e Gain of 9.5 dBi (with 3 directors). 
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A 4-ELEMENT DUAL WIDEBAND CIRCULAR QUASI-YAGI MIMO 


ANTENNA SYSTEM WITH LOOP EXCITATION 





Proposed Single Element and Fabricated Prototype 


e Center Frequency: 2 GHz. 

e Overall size :117 mm x 78 mm 

e Substrate used: FR-4, with thickness (h=0.8 
mm) and €, =4. 

* . Dual-band covering [GPS, GSM/EDGE, 
UMTS/HSDPA, Bluetooth, Wi-Fi and 
WiMAX bands] 

e  Lower-band: (1.53-2.5 ) GHz, BW:970 MHz. 





e Upper-band: (3.56-4.63) GHz, BW:1.07 GHz. 


Fig.8. Single Antenna Geometry (a) Proposed Model (b) 
Fabricated Prototype- Top view (c) Fabricated Prototype-Bottom 
view . 
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A 4-ELEMENT DUAL WIDEBAND CIRCULAR QUASI-YAGI MIMO 


ANTENNA SYSTEM WITH LOOP EXCITATION 





Proposed 4-Element MIMO and Fabricated Prototype 


263 





e Overall size :263 mm x 263 mm 
*  Lower-band: 

[1.45 - 2.55 GHz , BW: 1.1 GHz]. 
e . Upper-band: 

[3.707- 4.71 GHz, BW:1 GHz]. 





(a) (b) 


am Fig.9. MIMO Antenna Geometry (a) Proposed Model 


T 
HT 


(o) Fabricated Prototype 
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A 4-ELEMENT DUAL WIDEBAND CIRCULAR QUASI-YAGI MIMO 
ANTENNA SYSTEM WITH LOOP EXCITATION 


Results and Discussion- Single Element 
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2. Effect of director element on reflection Fig.13. Effect of director element on gai 
FBR and directivity 


coefficient of a single Yagi element 
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A 4-ELEMENT DUAL WIDEBAND CIRCULAR QUASI-YAGI MIMO 


ANTENNA SYSTEM WITH LOOP EXCITATION 





Results and Discussion- Single Element 





















Table 1: Effect of spacing between the first director and 
the driven loop element 


Spacing (mm) Gain (dB) FBR (dB) 


JsurflA_per_m] 


1. bebe +88 
9. 2963¢-861 
8. 58@бе-@@1 





7.8709е-001 3 2.9 
7.1612е-001 
ее 5 3.1 
v. 822че 801 7 3.55 
3. 51256-6881 
2. 9029e-001 9 7.56 
2. 19322-09081 
1.4835е-001 10 8 6 
7. 73036-002 
Б. 4121e-003 1 1 4 59 
(b) 
Fig.14. Current distribution (a) without and Table 2: Effect of length of the ground plane on FBR 
b) with director element at 2 GHz 
(0) Length of GND (mm) FBR (dB) 
Summary of Results for Single Element 29 2.12 
* Gain: 5.94 dBi. ? Pus 
! EE 33 6.34 

e  Directivity: 6.1 dB. 2 з 

. FBR: 9.5 ОВ. 37.5 9.5 

e Bandwidth: 970 MHz (Measured) 38 4.59 

40 4.5 





e No of directors: 1 
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A 4-ELEMENT DUAL WIDEBAND CIRCULAR QUASI-YAGI MIMO 
ANTENNA SYSTEM WITH LOOP EXCITATION 





Results and Discussion- 4- Element MIMO 
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Fig.15. Reflection coefficient and isolation curves (a) Simulated (b) Measured 
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A 4-ELEMENT DUAL WIDEBAND CIRCULAR QUASI-YAGI MIMO 
ANTENNA SYSTEM WITH LOOP EXCITATION 


(a) Antenna-1 Ко | _ A (b) Antenna-2 
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.16. Measured gain and efficiency of the MIMO anten 
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A 4-ELEMENT DUAL WIDEBAND CIRCULAR QUASI-YAGI MIMO 
ANTENNA SYSTEM WITH LOOP EXCITATION 
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Í Printed-Yagi 
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CONCLUSIONS 
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